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(54) [Title of the Invention] PATTERN FORMING METHOD 
(57) [Abstract] 

[Object] To provide a pattern forming method which is free from a temporal 
restriction in the pattern forming step and which is excellent in dimensional 
stability and reproducibility of a pattern. 

[Construction] First of all, a ladder silicone type SOG is coated in a thickness of 
100 nm on a sample 1 to form a resist film 2, which is then baked at a 
temperature of 80°C for 5 minutes by a hot plate. Next, a monovalent Ga ion 3 
is irradiated in a prescribed region of the resist film 2 under conditions of 
accelerating energy of 100 keV and a dose amount of 1 x 10 13 /cm 2 by using a 
focusing ion beam device. The ladder silicone type SOG in the ion beam- 
irradiated region causes dehydration and condensation so that it becomes 
insoluble in a solvent such as butanol. Subsequently, the substrate 1 is 
immersed in a butanol solution. In this way, only the resist film 2 in the ion 
beam-irradiated region remains as a resist pattern 2a, and the resist film 2 in the 
other region is dissolved in the butanol solution. 
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[Claims] 
[Claim 1] 

A pattern forming method, which is characterized by including a resist 
forming step for forming a resist film made of a ladder silicon type spin-on glass 
on a member; a lithography step for irradiating the resist film with either 
electron beams or ion beams in a prescribed pattern; and a developing step for 
developing the resist film to form a prescribed pattern. 
[Detailed Description of the Invention] 
[0001] 

[Application Field in Industry] 

The present invention relates to a pattern forming method which is 
suitable for manufacturing various sensors and micromachines and so on 
utilizing an ultra LSI or a semiconductor and correcting a photomask for phase- 
shifting lithography. 
[0002] 
[Prior Art] 

For forming a fine structure represented by ultra LSIs, there is employed 
a method in which a photosensitive agent called a resist is first coated on a 
substrate on the surface of which is formed a layer to be processed, thereby 
forming a resist film, a pattern which has been previously depicted on an original 
picture called a photomask is then projected on the resist film by a light source 
capable of releasing ultraviolet light such as a mercury vapor lamp, the pattern is 
transferred onto the foregoing resist film by development, and the foregoing 
layer to be processed is subjected to processing (etching, etc.) by using this as a 
mask. After completion of processing of the layer to be processed, the foregoing 
resist film is decomposed by oxygen plasma and separated. 
[0003] 
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Here, the step for transferring a pattern onto a resist film is called a 
photolithographic step. Since a lower limit in the width of pattern lines which 
can be transferred by lithography, namely a limit of a resolution relies upon the 
wavelength of a light source, even by using short-wavelength ultraviolet light as 
one of bright lines of the mercury vapor lamp, such as an i-line having a 
wavelength of 365 nm and a KrF excimer laser having a wavelength of 248 nm, it 
is difficult to form a pattern having a line width of not more than 100 nm. 
[0004] 

Then, in forming a fine pattern having a line width of not more than 100 
nm, there are used electron beams or ion beams as accelerated to energy of from 
20 to 200 keV in place of the ultraviolet light. The lithography using electron 
beams or ion beams is called electron beam lithography or ion beam lithography, 
respectively. In such electron beam lithography and ion beam lithography, a 
pattern is directly depicted on the resist film by electron beams or ion beams 
without using a photomask. Hitherto, a polymer of methyl methacrylate 
(hereinafter referred to as "PMMA") has been known as a resist suitable for such 
lithography. However, PMMA involves such a drawback that its resistance to 
plasma etching is weak. 
[0005] 

Now, there has hitherto been used a spin-on glass (hereinafter referred to 
as "SOG") as a coated insulating film at the time of manufacturing IC. In 
recent years, it is proposed to use SOG as a negative resist utilizing properties 
that SOG causes dehydration and condensation by irradiation with electron 
beams or ion beams to change to silicon oxide which is insoluble in an organic 
solvent (A. Imai, H. Fukuda and T. Ueno, Jpn. J. Appl. Phys., 29 (1990), 2653; 
and Y. Koh, T. Goto, J. Yanagisawa and K. Gamo, Jpn. J. Appl. Phys., 31 (1992), 
4479). Fig. 8 is a drawing to show one example of a chemical structure of SOG. 
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In this Fig- 8, though four OH groups are bound to silicon (Si), compounds 
including ones resulting from substituting the OH group with a methyl group are 
referred to as straight chain type SOG. In the case of using SOG as a resist, an 
organic solvent such as methanol and butanol is used as a developing solution. 
The thus formed pattern of SOG can be used not only as an etching mask as it is 
but also as an upper layer resist of a multilayered resist (JP-A-3-287163). Also, 
in phase-shifting lithography which is a technology for improving a resolution of 
photolithography, a shifter made of a silicon oxide film is formed on a photomask. 
The pattern forming method using SOG is also employable for correcting defects 
in its manufacturing step. 
[0006] 

[Problems for Solving the Problems] 

However, since the dehydration and condensation reaction of straight 
chain type SOG have such properties that it gradually proceeds with a lapse of 
time in the atmosphere or in a vacuum even without irradiation with electron 
beams or ion beams, a pattern forming method by the conventional SOG involves 
a problem in view of the manufacturing step such that irradiation with ion beams 
or electron beams and development must be completed within 7 hours from 
coating of SOG. For example, for the sake of confirming the foregoing problem, 
in experiments made by the present inventors by using straight chain type SOG, 
the straight chain type SOG was coated on a sample and subjected to soft baking 
at a temperature of 80°C for 5 minutes, and the SOG-coated sample was then 
allowed to stand. As a result, after 8 hours, the straight chain type SOG was 
already insolubilized in a solvent so that it could not be provided for the pattern 
formation. 
[0007] 
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In the light of the above, in the pattern forming method using straight 
chain type SOG, since SOG is insolubilized with a lapse of time, there was 
encountered a problem in view of the manufacturing step such that a series of 
steps from coating of the straight chain type SOG until irradiation with electron 
beams or ion beams and development must be rapidly carried out. Furthermore, 
since the dehydration and condensation reaction of the coated straight chain type 
SOG proceeds with a lapse of time, when a pattern is formed by the development, 
the amount of unreacted straight chain type SOG which is dissolved in the 
developing solution is reduced with a lapse of time. Accordingly, there is also a 
problem that the dimension of the pattern as formed by irradiation with electron 
beams or ion beams is changed with a lapse of time. 
[0008] 

In view of the such problems, the invention has been made, and an object 
thereof is to provide a pattern forming method which is free from a temporal 
restriction in the pattern forming process, is able to avoid changes of the 
dimension of a pattern with a time until the development and is excellent in 
dimensional stability and reproducibility of a pattern. 
[0009] 

[Means for Solving the Problems] 

The pattern forming method according to the invention is characterized 
by including a resist forming step for forming a resist film made of a ladder 
silicon type spin-on glass on a member; a lithography step for irradiating the 
resist film with either electron beams or ion beams in a prescribed pattern; and a 
developing step for developing the resist film to form a prescribed pattern. 
[0010] 
[Action] 
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For the purpose of providing a pattern forming method which is free 
from a temporal restriction in the pattern forming process and which is high in 
dimensional stability with time and reproducibility of a pattern, the present 
inventors made investigations. As a result, it has been found that the object of 
the invention can be attained by using a ladder silicone type SOG as a resist 
material. Fig. 1 is a drawing to show a chemical structure of a ladder silicone 
type SOG. The ladder silicone type SOG is SOG in which Si atoms are 
connected in a ladder form. For example, the ladder silicone type SOG as shown 
in Fig. 1 is constructed of a cyclic body which is constructed of four Si atoms and 
O atoms connecting the respective Si atoms to each other, CH 3 as bound to each 
Si atom, and OH and OC 2 H 5 connecting the respective cyclic bodies to each other. 
A ladder silicone type SOG of this type is excellent in stability with time. For 
example, for the purpose of confirming properties of the ladder silicone type 
SOG as shown in Fig. 1, the present inventors made experiments. First of all, a 
ladder silicone type SOG was coated on a sample, subjected to soft baking at a 
temperature of 80°C for 5 minutes and then allowed to stand for 72 hours. Then, 
whether or not the ladder silicon type SOG is soluble in butanol was examined. 
As a result, it was noted that the ladder silicone type SOG is still soluble in 
butanol and does not cause dehydration and condensation. 
[0011] 

Also, a ladder silicon type SOG was coated on another sample and then 
subjected to soft baking at a temperature of 80°C for 5 minutes. Then, after 14 
hours, monovalent Ga ion beams as accelerated to energy of 100 keV were 
irradiated in a prescribed pattern against the ladder silicone type SOG film 
under conditions of a dose amount of 1 x 10 13 /cm\ In addition, after 20 hours, 
this sample having a ladder silicon type SOG film coated thereon was immersed 
in a butanol solution. As a result, the ladder silicon type SOG film in a region 



6 



where ion beams had not been irradiated was dissolved and removed, whereas the 
ladder silicon type SOG film in a region where ion beams had been irradiated 
remained without being dissolved. Thus, a prescribed pattern could be obtained. 
Incidentally, the same experiment was carried out by using a straight chain type 
SOG, As a result, in the straight chain type SOG, at the time of development, 
the whole of the SOG film was insolubilized in butanol so that a pattern could not 
be formed. Accordingly, in the invention, a resist film is formed by the ladder 
silicone type SOG. 
[0012] 

In the pattern forming method according to the invention, a resist film is 
formed by coating a ladder silicone type SOG on a member, and electron beams 
or ion beams are irradiated on this resist film to depict a prescribed pattern. 
Thus, stability with time of the resist film is excellent, and a temporal restriction 
in the pattern forming step can be overcome. Also, for example, even in a fine 
pattern having a line width of not more than 100 nm, it is possible to form a 
pattern which is excellent in dimensional stability and reproducibility. 
[0013] 

[Embodiments] 

Next, the embodiments of the invention will be specifically described 
with reference to the accompanying drawings. Figs. 2(a) to 2(c) are each a 
cross-sectional view to show a pattern forming method according to a first 
embodiment of the invention in the step order. This embodiment is an example 
in which a ladder silicone type SOG is used as a single-layered resist film. As 
shown in Fig. 2(a), a ladder silicone type SOG is coated in a thickness of 100 nm 
on a substrate 1 on the surface of which is formed a layer to be processed (not 
shown), thereby forming a resist film 2. Next, this substrate 1 is baked at a 
temperature of 80°C for 5 minutes by a hot plate. 
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[0014] 

Then, as shown in Fig. 2(b), as a lithography step, a monovalent Ga ion 3 
is irradiated on the resist film 2 under conditions of accelerating energy of 100 
keV and a dose amount of 1 x 10 13 /cm 2 by using a focusing ion beam device. In 
this case, the ion beams are selectively irradiated on only a region which should 
become a mask at the time of etching a layer to be processed on the surface of the 
substrate 1. In this way, the ladder silicone type SOG in the resist film 2 in the 
ion beam-irradiated region causes dehydration and condensation so that it 
becomes insoluble in an organic solvent such as butanol and methanol. 
[0015] 

Subsequently, as a development step, the substrate 1 and the resist film 2 
are immersed in, for example, a butanol solution for 30 seconds and then rinsed 
with pure water for 30 seconds. In this way, as shown in Fig. 2(c), the resist film 
2 in the ion beam-irradiated region of the resist film 2 on the substrate 1 remains 
as a resist pattern 2a, and the resist film 2 in the other region is dissolved in the 
butanol solution. In this way, it is possible to form the resist pattern 2a having a 
prescribed shape and made of a silicon oxide film in which the ladder silicone 
type SOG has caused dehydration and condensation. 
[0016] 

In the light of the above, in the pattern forming method according to this 
embodiment, since the resist film 2 is formed by using a ladder silicone type SOG 
and this resist film 2 does not substantially proceed with dehydration and 
condensation in a vacuum or in the atmosphere, not only the resist film 2 is free 
from a temporal restriction in the pattern forming process, but also the 
dimension of the pattern as formed by irradiation with ion beams is not changed 
with a lapse of time. Thus, for example, even in a fine pattern having a line 
width of not more than 100 nm, it becomes possible to form a pattern which is 
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excellent in dimensional stability and reproducibility. Accordingly, when the 
substrate 1 is etched by using, as a mask, the thus formed resist pattern 2a, in 
manufacturing various sensors and micromachines utilizing an ultra LSI or a 
semiconductor, the yield and reliability of products are improved. Furthermore, 
by subjecting a ladder silicone type SOG to pattern formation in a defective 
portion of a shifter of a photomask for phase-shifting lithography by the method 
of this embodiment, it is possible to correct the defect of the shifter. Also, there 
is brought an effect for improving the yield and reliability in correcting the 
defect. 
[0017] 

Fig. 3 to Fig. 7 are each a cross-sectional view to show a pattern forming 
method according to a second embodiment of the invention in the step order. 
This embodiment is an example in which the invention is applied to a pattern 
forming method by a multilayered resist method of forming an upper resist film 
by a ladder silicone type SOG. First of all, as shown in Fig. 3, a usual novolak 
based resin (photoresist) material is coated in a thickness of 1 \im on a substrate 4 
on the surface of which is provided an undercoat layer to be processed, thereby 
forming a lower resist film 5. Then, this substrate 4 is baked at a temperature 
of 200°C for 15 minutes by a hot plate. 
[0018] 

Next, as shown in Fig. 4, a ladder silicon type SOG is coated in a 
thickness of 100 nm on the lower resist film 5 to form an upper resist film 6, 
followed by baking at a temperature of 80°C for 5 minutes by a hot plate. Then, 
as shown in Fig. 5, a monovalent Ga ion 7 is irradiated on this upper resist film 6 
under conditions of accelerating energy of 100 keV and a dose amount of 1 x 
10 13 /cm 2 by using a focusing ion beam device. In this case, the ion beams are 
selectively irradiated in a region in which the resist film 6 should be made to 
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remain. In this way, the ladder silicone type SOG in that region causes 
dehydration and condensation so that it becomes insoluble in an organic solvent. 
Incidentally, since the ladder silicone type SOG does not substantially proceed 
with dehydration and condensation with a lapse of time, dehydration and 
condensation are not caused in other regions than that as irradiated with ion 
beams. 
[0019] 

Next, the substrate 4 after irradiation with ion beams is immersed in a 
butanol solution for 30 seconds and then rinsed with pure water for 30 seconds. 
As a result, as shown in Fig. 6, it is possible to obtain a resist pattern 6a having a 
prescribed shape and made of a silicon oxide film in which the ladder silicone 
type SOG has caused dehydration and condensation. 
[0020] 

Subsequently, by etching the lower resist film 5 by 0 2 plasma etching by 
using, as a mask, the resist pattern 6a, a resist pattern 5a made of the resist film 5 
remaining in a region just below the resist pattern 6a is obtained. This resist 
pattern 5a can be used as a mask in etching an undercoat layer to be processed. 
[0021] 

In this embodiment, the same effects as those in the first embodiment can 
also be obtained. Furthermore, this embodiment is suitable for the case where a 
difference in level on the surface of the undercoat layer to be processed which is 
formed on the substrate 4 is large. That is, in the case where a difference in 
level on the surface of the undercoat layer to be processed is large, portions 
having a different thickness are generated in the lower resist film 5. Thus, when 
usual lithography is carried out, irradiated light and reflected light on the 
surface of the undercoat layer to be processed cause interference so that the 
shape, for example, the line width of the pattern as formed on the lower resist 
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film 5, is possibly deformed, resulting in lowering in the stability and 
reproducibility of the pattern to be formed. As in this embodiment, by forming 
the resist pattern 6a with an excellent resolution on the upper resist film 6 as 
formed on the lower resist film 5 by irradiation with ion beams and transferring 
a pattern onto the lower resist film 5 by 0 2 plasma etching by using, as a mask, 
this resist pattern 6a, it becomes possible to form a pattern with an excellent 
resolution even on an undercoat layer to be processed with a difference in level. 
[0022] 

[Advantages of the Invention] 

As described previously, according to the invention, since a resist film is 
formed by using a ladder silicone type spin-on glass and irradiated with electron 
beams or ion beams to form a pattern, the invention is free from a temporal 
restriction in the pattern forming process and free from changes of the dimension 
of a pattern with a time until the development, it is excellent in dimensional 
stability and reproducibility of a pattern. For that reason, the invention gives 
rise to an advantage that in manufacturing various sensors and micromachines 
and so on utilizing an ultra LSI or a semiconductor and correcting defects of a 
photomask for phase-shifting lithography, it is possible to design to improve the 
yield and reliability of products. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a drawing to show a chemical structure of a ladder 
silicone type SOG. 

[Fig. 2] Figs. 2(a) to 2(c) are each a cross-sectional view to show a pattern 
forming method according to a first embodiment of the invention in the step 
order. 

[Fig. 3] Fig. 3 is a cross-sectional view to show one step of a pattern 
forming method according to a second embodiment of the invention. 
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[Fig. 4] Fig. 4 is a cross-sectional view to show another step of a pattern 
forming method of the same. 

[Fig. 5] Fig. 5 is a cross-sectional view to show a still another step of a 
pattern forming of the same. 

[Fig. 6] Fig. 6 is a cross-sectional view to show a still another step of a 
pattern forming of the same. 

[Fig. 7] Fig. 7 is a cross-sectional view to show a still another step of a 
pattern forming of the same. 

[Fig. 8] Fig. 8 is a drawing to show a chemical structure of a conventional 
straight chain type SOG. 

[Description of Reference Numerals and Signs] 
1, 4: Substrate 
2: Resist 

2a, 5a, 6a: Resist pattern 
3, 7: Ga ion 
5: Lower resist film 
6: Upper resist film 
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